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isitiirw©T®a conc^-bs and the conoeipts are allied to 
the solution of paeohlems by carrying out certain practioal 
esKerclseSo* the process approach# therefore# refers to 
activities of erperlraents ’ahidii must be carried out so 
as to arrive at the solution of problMs on idiich seiwnoe 
norlcSfl Callahan and Clark (i9*7S) say# "Process depends 
first of all on the nature of the problem^ If we are 
interested in finding out how heavy certain objects are#' 
we weigh them* If we wanted to fit the objects into 
a container would measure their sines* Hot all processes 
are used in any one investigation"* (p*i9g) 

This is not to suggest that the process approach 
is without criticism*' It ha© cow© from certain quarters 
in the In a axirvey# undertaken by the National 

^odowment fOr the Humanities in 1937 with the help of 
40 educational «qp(erts#' it was pointed out that these 
exist among the high school studmts "startling ge^s in 
their knowledge of mm. American history and literature*'" 
TIm answer to such a oritioim could be start process 
approach# used first in science#' could not be that much 
effective in humanities* However# wl'idi the keen coii^ti«> 
tion among children of seweral countries# the pendulum 


seems to b® swinging baCk in favour of the ooncepti«m©l 
approach* 

siATUiiB mm HBAHim ot pEOcssdSd 






This aspect is clarified by the American 
Association for the Advancement of Science (AAAS) 

”Actually^ the science areas and concepts 
presented in the Process Approach are as comprehen¬ 
sive as any el^oentary science progransn® available* 
Bnt after they have forgotten the bits and piece# 
of information derived from content# children 
using SAPA have developed and retained basic 
skill# in the processes of science and this 
provide® them with a systmnatlc and logical way 
of thinking in approaching and solving problem®*' 
Content provides the means by wliich the cl'dldren 
acquire and develop the processes of science*^ 

Wl^ile scientific facts# laws# end theories are 
always subject to review and revision# the basic 
tool® of sciance do not change** (p*3)* 

The content is there and the dhlldren eatamine and 
make sxplorations of solid objects# liquids# gases# plant®#' 
animals# rocks and even moon photographs* But the 
difference in approach is that they are not askad to learn 
and memorise particular facts or principles about these 
ob|ects and pihmmmae^m* Rather# they are e^^ected to 
learn such things as to how to us© the skill of ^observation' 
in watching the solid objects and their motions# how to 
classify liquids# how to infer internal mechanism of 
plants# how to make and verify hypitheses. about animal 
behaviour and how to perform e^i^erimeEtts with different 
hypothe#os« 

The skill# which the S«A*p«iA« is i# designed to 
develop begins iS' highly opecific and concrete fomis.#l and 
increasing generality of these skills i# ^stematically 
provided for by a pl.anned progression of exsercisea* 



sWlXs In til® sens© that tho goals to b© achl«v@d by 
any slngl® exenrcise ajre n^odastM A long totm substantial 
and general intellectual daveloianent is esqpected to 
result from the cumulative effects of an ©derly 
progression of learning activities,* 


A second meaning of process, referred to by Gagne 
(1960)centres upon the idea that what is taught to 
Children should resemble what scientists do, that ia,i 
the process that they carry out in their own scientific 
activities, 6>cienti®ts observe, classify, measure,' 
infer, make hypotheses and perform experiments. If 
scientists havi learnt to collect information in these waysj 
the elementary forms of what they do con be learned by 
the children In the early classes, 
footnote 


In Xndia,^ this approach has been d4Siv®lopied, and 
Intplemented In a different way at Kldhore l^arti,' a 
village near HOshangabad in Madhya Pradesh, since the 
early seventies. It is known as Hoshangabad Science 
Teaching Project (MSW) ,* The teaching and learning of 
science is stressed through process approach and there 
is much use of local wavirensiaental resoureesw' fh® 
KSW was, in the beginning a pilot project and Is now 


sanded t© almost all Regional ©f M,R, 


Another 


voluntary organisation,' which has grown out of H0TP,l is 


1,4 . 


Rklavya,* 


Xt publishes ''Chakmsk* 


children*'s science 
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<w^res9ioni, imaginatloti# isMll and thought® tha 



to Infomation, process tlJiat intormation and 

make an individual step beyond the basic information given® 
Oagne atatee that aducational proceaaea are not entitle® 
of urbanisation nor are they content proae®eea« ouch a® 
the proceaeea of economics®' Xnatead they are the 


' trategi 
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psychological preoease® used by the individual to deal 
with the content® 'fhe National Polii^y on »dncaUon-19@6,* 
accepted recently by the Parliament auggeats that science 
education will develop in the child, **Weil defined 
abilities and values such a® the spirit of Incjulry,^ 
creativity, objlactivity, the oouraaps to question and 
an aemthlo eensiblllty** p®a3. 

The. third and perhaps moat widely accepted, meaning 



informatien® l^r enati^le, the children .may be asked 
to underline the largest figure out of| U) 34$;i 

ii) §4$?#^ .a4.IS#j etc® duoh jdDSoessing 

IPSflws inore complex a® the individual develop® from early 





a pliraftA vjhiclTi many would prafer to tJi© taacro procanaoi"*#' 
tyFES 03? PROCESSES 


Having known th© nature and meaning of the process®® 
X@t us know tke different types of proees®®® that ®r® 

emphasised in the teaching of science eepeciaily at the 
elementary level* Eleven major processes identified at 
this level define science as a ti) observing^ (ii) ©lassifyk* 
lufy (lii) measuringt (Iv) interpretings <v) predicting? 

(vi) inferring? <vil> communicating? (vili) formulating 
guestions? <i®) formulating models? (x) generaliaingi 
and <xi) experimenting 

The above listed processes#^ according to A3y^,'< 
place the sbudent in an active and dynamic role of 
invertigating scientific phenomena-using the processes of th 
scientist* The EM*A was incorporated into the various 
curriculum study group projects Which were initiated in 
the and other countries during the early sixties 

mainly because of two Iiistorie rreasKsns* firstly*^ it was 
due to the demand created by the first manxeiade apatnik 
Which was launched into the space and secondly "the 
demand coincided with an already existing Wive to revise 
science curriculuoi in line with a new understanding of the 
child* s intellectual devel<^?m@nt"«^ These undat^standings 





thftt it w« provide to the teachers md Xeaxaier® process- 
hesed study Meteriais, thalr on these 


































ot p3eo<im$^h%m€ 
iattaructiontl mateirial tiqpoii sttidenfe Aoitd ta?M 3 h«r pioefomTOotJ 
coMuotftd la the VSh ®nd eth®®' cmiatxi®®^! w* 
nrrifiwdV 5fh® thr»« iolenc® pi^i®et®««iS/SCXS and ®«PIW> 

t . 



broad titlaa nanwily/ (a) iapaot t?pon stadoata* aohiavMmtft 
Cb) inaiiaot o£ prooaasMbaaad and dlsoo''7ar32M>rlafntQd lii8tct)6bl« 



tha pdpllSft 

fiofora tbtaa taaaaxtsihas ara swlatMod It will propat to 
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Material and Studonta* ferforeaand@ en 



t0 6th 0rad®, His h:^oth« 0 is wiui that theira %rlll h# hatter 
mdarrtanding on th« part o£ msimc& group* Significant 
Jf»valuaf w«r« found on pupils' prooooa isaaauras for the 
«9g;iariiaantal group*’ !fha suooasa of SA4PA*’ an coeparod to 



tjf miA sooio«<eoonoaio status^ th@ rasulta of tho atudsf 



aotivitif^haaad onrriouim in oleaiantarsr soiaaoo itn% and 
tmt 'kmM «iproafid& on atutat*® ahiUtjr of oiaonilioation 
i6eili#«i aoionoik aohlefoimnt^'^ and noiantifio attitudal tH 
iMiMro ^ thi adtnai dlffor^eos^ in trontimta m$ mSAi 














sr®sult« &f thfi ®tudy did not indleat® diffajrwaco ia 
th«ir clauaalficatdon inbility#' acleac© iwM®v@ro®at or 
ttttitwd®* of th® third and fourth, grad® atwdanta#' 

Brown (i97’?) atudiad the effeot of iaatsfuetiott la 
proceaa skills m the ability of prasesvioa elarawntary 
sdhool t®a<!h®ra to par^m <m theea skills ia a wsrittam 
taet* Malyaia o£ a'ariaaco for oonsparing the ®j%arlni«ntal 
and control groiips on the aoore yielded y«ralw® 

which wore sigaificent at ,05 level for treatinent and 
Interaction variables. It meana that inatruotion,^ ■using a 
series of opan laboratory activities^' was strategically 
effacrtive in teaching the processes of science to pr#» 

Service elesitentary school teachers,' fhe tnvaluee for both 
the e:ig>erimentaX groups were also found to be significant 
at';0ai level, 

tsppella and Pohlmiuan (1980) using the test of 
science proceasea as a pre and postp-teaW^ demonstrated 
in®>rovsra«nt in the thinking skills of students of the 
Medical ^duoationai^raparatory Programme where WUPh or aaph 
like activities were used in the inirriculuBi, More specific 
cally,i significant improvewent was made in the skills meaaujdnf< 
quanilfyinf and inferring, m signifieiint gains were liade 
in other skills «. observing,"' classifying,' ea^erinenting and 
predicting, 

!th«re were significent differences in elass pretest 
aeoreti' However all 'Classes,' with the eneaptlon of the third 
MmmBtmr groiip;i Mhieved significant gains in pr«Mteat to 
posVtest scores* It was concluded from these ^ta that the 
level of ibiiity to dwenstrate intellectual skills were 
increased by the end of ■tha course,^ imrespective of the level 
dsB^sMitratod at iwitry^ being the teachers for t rai l w/ 





algnlficant ^^alna wajra found in tha total t«»t acora# 



soi^moa ;g>xoaa@aaatf' waa jfajacts^' 

Sarga4r' (1^^S2) atudiad ssttaleiaant of aXlll in using 
acianc® pxommm^ Xnotxtxmnt&tioaf^ otathodoXogy^'' and 

«h«IHi. 4* 4 l»H.M JV JIf ^ . .. ^ . -tm . ‘•k . ^ 

a 

in adolaaoant aidlla in th« aatimation of liaofar diatane®* 
fittoro«-co!irput®rs w®ra us«jd to present and control the amount 
of inirormatlon available to assist studonta in ©oticaatloa®^ 
DsHufOa dlffaroiit levels of difficulty in aatiiaating w©??® 
davalopad* '3)b« student® aatlmatiid ton position® of a point 
on vordbaal lino within each level of difficulty*' 
giaa used by atutoit® to es'timata war® found*- A nsodiil was 


aaparation of variane® of traad and individual skill 
diff®ran©)Wi* Hiia inodol wan uaad to predict daoraas® in 
nuidaer of aatiioatos and daomaa© in ewarag® titn® por 
aatiinat®* nusiflssr of aatainatea par position dacroasad 


p®r astiMit® waa uaad as a maasura of akUl; Studants 
iiflprovad thair por^waanca within tha firet two latalo,! 
but not wi-feiiin th« nost difficult loval^ Aoxosa lawala*^ 
war«sfa imf©itsanea ioiprovad inapita in inoraasin® dliflculty 
and i trauifar aifact appeared to take place ever tinei tt 






im®Xy®ie wm m «&££mtim tmi to stuAy 



R®au3.t0 simrod thate laoth aixth and «lghth gjtad® stMdtnt® 



d«nr«li9pnient itnd pvmmtiaw in th« panti It nm al«n 

fanxMSl that a tim af tham tan aanntar te tha anisting iagit 
and andatatanding oM thasa aiciiia^ 



hiniatf a«taa 4a hattar in it at tha intanaadtata laaaia tlm 
na«r aaxitatav SiMilaaly and JHaohath <iat4} ai^aa 




iihaaad naira Maa^ta ^attaimi^t af p«a«aa«. aM-Ha a 
mmM mmi and <im>3 aha rnxnm with 






r®a<aing r®ff«sjrAng thaAr abtllti®® to 
mm logicj studio* toy Wallaooaosr and Casrtor <1®6S) indiomt® 



with cMldron fro» Inaar city achools in C®lu*itott*, OMo#! 



and liatming hohavlotir* 

Anothor Imiportant obaorvatlon o£ tho above lnv@iitjb» 
gator* wan an to bow the procaas abilla ahould bo integrated 
into the achool ourrloulteo*' Brief unit* dwvotod to 
intagratad acienca atcill* ware somowhat losa bmmfidml 
than axtondod and largo porioda of 4natrtiotion»' It «®)p®«tr® 
that intogratod aclcmoo proooas akilla oannot boot bo taught 
ao brief toploe in the oanua way ao topioa of ^jcaaoeo or 
dataait^* Inotoed freater benefits to aisdents seaie to result 
iJixm integrated seienoe content and process instruction 


over a longer period of tiiae«' Th@ reference to any <osiurse 
of fihort duration for teaching science is IDcely to be less 
effective* Vhls assaniptlon would be tested in this project 
tihiCh/ though/^’! is limited in scgpei 

f Process. Baaed ISastruetlona l Material and Performance of 









tmrarSa the go&H 0£ pro^cln^ teacher® ^0 are ccm^eteet 


ie theae ekilleoi 

Brtrnn (3.977) inveetigeted the effect cf ij:j 0 tnMrbl<Ma 
ia prooee® ehiXJla en the ebllit^r ef preaerrioe eleraeotary 
achoel teacher# to perform on these ahtlXe In a paper and 
pencil idtaation>' BtatieticaXXy significant reeuits 
supported the hypothesis that preservice elementary school 
teachers do learn to use the process of science as assessed, 
hy the Science Process Activities Test (SPAT)« The pretest 
laean was fonnd to be 14*24 and t-^alte of 8«44 (with 
dfois) was significant at vOOl level*’ Further pro and post 
test means for another group <P«"40) were 11 *'77 and 

14»'32 respootively with t»»value of whi<di was found 
significant at *001 level* 

Gani^bell and Okay (3977) investigatdd tha following 
problems «» 

1* What influence does instructiOit have In process 

skills of pre«*serviae teaehars’ achievement^ selection 
of process adjectives for science units^' attitude 
towards process skills and the use of process 
objectives mad activities in lesson i^ans*^ 
ti' Is there any relationship between pre^service^ teachers 
cpam or closed minde^aess and (il .aohievsment of 
science process Skills* (ii) their attitude towards 
pfooass (ili) then use of process dkiXls 

in lessons planninf^ 








alcWii« !i?h(a findliKga tn th« study othar studi#a 

that la# the preservioo ieacthera may not 
acquire science proceaa ahlll sin science ocur8e« Xnstruc-» 
tlon cl reletiyeXy short duration vm sufSiclent to 
siqnlfioantXy alter their knowXedqe o£ process skills* 

aiuhm (1979) observed the effect of science process 
skill instruction on preservice elementary teacthers* 
knowledge of the ability to use and the ability to sequanco 
scienca process skills* the eaperimentel instruction 



sifnilicantly Improve their process;^ Xn 4Ma retard BlnhM*# 








b# aud was significantly ln^xrovad by p]imci<ling tbaaw 




































































in behavioural terms the various 

prscesnssa 'Itia behaviours t® be covered under the 
TIPS wrera categerized under sisc praoessasi 


Classifying, Inferring, Intexpratting, Pr®dieting 
Hyp®thesis«-Mald.ng and Hyp®tehsl»wTesting« 
Determining currioilar v®li(i!,ty ®£ the statesMaats, 
c^popenents ®f the sciane® precesoes sulmsitting 
these t® a teem ®f three science ©ducatien iwspert 
Drawing up a list of respeneea far each precess 
®n the basis ®f the Judgeioents ©f e;HpertSii> 

Peeling the responses far each item and drawing 
up a preliminary list ®f test items for the TIPS# 
Trying«®ut the preliminary from th© and 

































CS) Olvmi a group ®£ objects^' idsaatify the preperigr @r 
preporties on which they are grouped. 

(6) <3iv®yi a sot #f objects or systems a£ objects# remewe a 


pacified hutitser ©f raernbars from the original set to 
fern two new sots which are grouped ®n the basis ®f 
one ®r Kor© givan simultaneous nremertles.' 


(1) Arrive ut generalisation from a bodr data. 

(2) Idon'bif:/ the factor mast libely t® hay® cnsed a givwo 
change in a syotm* 

(3) Identify jsnd spooify ©bservcations wwild be 

naodad to justify a particular generalisation# 

(4) Bo able to distinguish between a stat«»ment based 
diroctli^ on observations and on® tdiich is an inference 
or a genercdiaation.® 


1(5) Bo able tc draw ntcre thm one inference In situations 
whoro the data allms t±dsv 








C3) Dsvis© iQiS use siupi® mesjn® ®>£ chedkiiig th@ accuracy 
®f the predictleus maaes 

(4) Deineaatrate @n ®perati©nal laiewleage ef the necessity 
fer mlttple and reliable ©bservatlens prler t® 
predlcti^Ss 

i^recess y $ HypethesisHBaakiiiQ a 

(1) Censtruct a hypetheslS;' given a set @f ebservatiens 
er iii£erei:iaes« 

(2) Distinguish between inferences and hypetheses*, 

^3) Identify obeervatiens that suppert ®r d» net supptjcfc 
a hypetheslsv 

t HynetheBl s-testinq 

Design an investigatlen apprepriate t® the preblema 

(1) Select^ clarify and state, in testable terms, the 
primary variable t® be testedi 

(2) Dlstit^fulsh between dependent and Indi^endent 
vaxiablQsi 

(3) C©ntr®l the appreprlate variables se that legieal 
cenoluslens may be drawn with regard t® primary 
variables* 


In the beginning, ferty eight items were written Keeping 
in view the varieos ces^nents identified f®r the varleus 
precesses* The Items were pf multiple cheloe type, 
ef twe Items having a Scaring ®n tw® pzecessss In given 
bel®w by way ®f lliustratl®n. 

Escas^le 9 frecese ef gasslflcatiea 

In a ben there axe differ^t types ®d buttMUitt' 
ChlldTfn axe ^asKed t# classify these buttens int® different 
gxeupsy <Shildi5®n classified the butt«ns @a the f»ll®wl»g 
cxitexia i 

(1) dn the; basis ef celeur and sh^ 
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70 percent* f®ur items# whese disoriminatlen indices 
were ijeltw were drepped® Hence the final ferwn ®f 
the WPS oensisted ef 34 items* It may be stated that 
the mean item discrimination ceefficient f#r the ^reup 
test ef sdenc® precesses of a similar test deteleped 
by Tebin and CBpi® was fesmd te be #33^ and mean 

difficulty was estimated t® be 0*42* Ala® Bumc# Obey and 





active partner in the learning of science# Earlier 




















a *6eriea o£ actlYitiea% The presamt K^seax%;fh project 
was underts^on t® devel^ thes® sJcllls and judge them 
effectiveness toy devising a test ®f integrated 
pr®ceases in science (TIPS) hidh has been escplained at 
length in the preceding seotien* 

and Approach .fer peveiepiag precess-based Materia: 


In daveleping Instructlenal materials^ in the ferra @f 
exercises and activities^ science oentent is net as 



£®lliiwed by the eriginal SivpA exercises waai 



5 m originating problem (far aretuiing stndente interest 

in exercises te toe discus ed ) 
out lining instmctienal precednm (t® toe dene in 


nuxacsi en sicxait 

develeped in preceding sHills) 







ThQ®a^ was pi:^ seated In the fetm #£ textual 


^atejelal* ^e nejct step n^as ts wxit» suita^e e:sercises 
s® that a stnd^t may h& aihle te cendact seme simple 
e^q^dmemts^' mato ebaesvatlens and drw Inietenees* In 
seme piiehlemSj^ the data ves supplied end the students 
wete psqolsed te intespiret the seme and mete ptedlutlens 






















CHAPTER I? 


th® iTftrlouid aspects us@i in th® 


mCar stu# m®tig t^a studentSf tka 


wa® prl»rily a research^cum-dawlfpMantal pragtotg 
tha mathaialagy usat In the pr@4@ct wa® me4iliiia' 
The sampl ej Far itea analysis of t he TIPS a saapl® 


aii4 IneMental^^ Aooariing te GuiHep (195^6 
pus^etiy# saaple is selteted heoaust there Is |ee4 
evlSenoe that It is representatiire ef the tetal 


was dhitifiei in tte sense in the 


that 


■ .<> iTii j 











lung®!* iwatim mm Eaisi®^ 

aumpliiaf wa® a®t passifel® in aucii a atu4yv F®r 1;i» 
pwpt®* a4iaialstrati®a ®£ insisjpuotianal ®at®j?ial®> 
tiwt iS's tiat traatMut tim ^neaults mm ®¥aXMat@4 
by ptfling aoa t® @n cjrltarian t@st in a ainflt 
ii®tributi®n tw all plulls' imiar aaali * •«« an4 

tb« ilfftMUo® in neaiis ®valuat®d«i," (limiguist^ 197®#! 


Traatwat aM paat-^taatlng % Each stn^eat was liTta i 
atniy th® iaatruotianaX aatenial la tha cyoXaatyX@4 
baohXttf tbty \v«r® allavti t® at thalr am pao®« 
Xt tfok th® invastgatar neai^Xy 5 moatti® t® caipXat® 
tba wark in ®ae ®oh@©X* fb® atialtnta war® askod t# 
@tu4y th® materials nater the auperrisiaa ®t the pr»jr 
iamstlfater aa4 JRpj they were net allewe4 t© carry 
tibia material t@ their b®m@®« After each sessien the 
material was ceXlectad back* The pr©;|ect staff superv; 
the prefress efthe students centimueusly* The stuienti 
werked an sis^Xe e3cercises« Semetimes they werkei in 
the data already yrevlded and gam their interfretati< 
In ether exeroises the data was given and. they were 
required t® @ferate mutually^' After each ejceroise 
feedback was given te the students te sustain their 
interest in the study^- After the students eempleted 
their werk en the instructienal material, p®st*t@stln 
with the help ef tips te tudy games, it any,, in thei. 
sceres an pemms skills*' per final analysis, data el 
enly 77 students wh® ces^leted each aspect ef the 


enperiiextt was deae^ These 77 stuents ®f twe schteXs 
wire identieaX in the sense that they fellew CiSE 






























CHAPTER V 
FINDINGS 

5,1* INTRODUCTION 

Thi® chapter deals with findings ®f the study titled 
’SJattx 'Develsping, Validating and Testing the Efficacy 
®f Self'-Leaming Rrecess Based Material f@r the Develep-r 
menfe #f Smtm Integrated precesses in Science*, Beth 
qualitative and quantitative analyses have been dene« 

In the qualitative analysis, eccurence ®f behavieurs ®n a 
particular cempenent ®f science precesses under study 
were malysed. The quantitative analjtsis ceimprised ®t 
intercerrelatiens between the scares an varleus applicatiens 
®f t-test fer the pre and peat test games, Ihe inter-* 
cerrelatiena were alse used as an index ef the TIPS 
validity* %e games made by the students in the sceres 
9f varleus precessee, frem pre t® pest test sltuatlen 
under Investigatlen were als® studied, Interpretatiens 
e£ the results is given aleng with the findings. Lastly 
seme inplicatlens ®£ the study have been peinted eut, 

5,2. OBSERVATION OP LESSONS FOR PROCESS SKILLS 

Ac raentiened earlier an ebservatien schedule 
(Appendix A) was devalued £@r recerdlng the eccurence 
®f varieus cempenents e£ the preoessrs in the lessens 
taijtght by the pupil teachers. Eighteen lessens were 
ebserved in all where the ebaerver recerded the precess 
based guestlens aslced by the teachers in the ceurse ef 
their teaching science lessens in varieus shbiects 
Physics# Chemistry/ and Bielsgy# As the precess skills 
are net indluenced bfy the can tent# different subjects 
were cevered, ^e type ©£ questl^s asked reflected ti^en 
'the different behaviemrs under each precess, 'ihe analyses 
gave the investigater m indicatien whether a particular 
preceas sbil^ dsed by the pupil teachers er net duitUng 
ceurse ef their teaching# 




5»3« PROCESS SKILLS IDEMTXPIED 


h sunxnai^ @f the variaus skills under the six 
precesses is given belewg 

(1) Inf egging * Feur behavisurs identified, fer the 
precess »f inferring war® (i) where the pupil teacher asks 
far #ne «r mere inferences frem a set ef ebservatians* 

(2) identify ©bservatiens that suppert an inference? 

(3) describes and demenstrate addltltynal ©bservatlens needed 
t* test altematibe inference? and (4) dlstlngushee ameng 
inierences that sheuld be accepted, rejected ®r medified 

#n the basis mf a additional oboervatiens. It was £«md 
that the^ eccuronce ®f first tw® behavieura was ©bserved 
in all the eighteen lessons, The third behaviour was 
ebsejrved in 14 lessens whereas the last behaviour was 
observed in 13 lessens only, 

IX« Classifying i Behaviour© identified f@r the process 
•f classlficatlen were* (1) describes an object s® that 
another pero®n can identifythe ©bject in a set ®f similar 
objects? (2) Identifies and naimss ©bservable properties 
#f ©bjectsin a set which could be used t® classify the 
objects? and (3) censtrycts one, two er mere multi»st^e 
cXassificatien ®f a set ®£ ebjects and names the ®b@rva«» 
■*ble character!sties upon which the classification is 
based. It was found that the questions related t@ the 
first behaviour were ^ked by the pupil teachers in all 
the eighteen lessens. Behaviours related te the second 
and third were observed In 15 and 11 lessens respectively* 

III, Predlotinc * Behavieurs identified f@r the process 
@f predicting were* (ft) constructs a point graph usinf 
nyidser pairs frem qualitative sbservatiens, (2) identifies 
en a graph the manipulated variable and the responding 
behavieuri O) diatingushes between peilmts ®n a graph that 
r<^resentil ehservatiwns made by interpolating er extra- 
pel ating? (4) applies the rules for Interpelating snd 





and extrapolating mn a graph? and (5) ®rdera a a©t #f 
predictions en the hasis ®f mast te least cenfidence 
in theiti+ It ^-jras abserved that question® related te the 
ah@v©' Behavleurs occured in lessons 3# 2, 1# 1 and 1 
respectivelyft 

IV Hvpothe3ls»"mah3.na i Behavi^tirs identified f#r the 
process @f hypethesis-making were* (15 distinguishes 
between inferences and hypetheses? (2) oenstructs a 
hypethesis fr#m given a set ef ©bservatiens and/er 
inferences? (3) identifies test data wliich su;.)p®rts er 
d® net suppert a hypethesis? and (4) cenetructs a 
revisien ®f a hypetheeis mi the basis additional 
data* It was observed that tguestions related t@ these 
behaviours secured in lessens 9t 11^ iO and 6 respedtlvel^t^ 

V, Intemrettiiig Data t Behavieura identified f®r the 
process of interpreting were? Cl) describes in a few 
sentences the infermatien shewn ®n a table of data er a 
graph? (2) constructs one ®r mere predictions# inferences# mx 
hypotheses from data in tables# graphs ®r picturesi and 
(3) applies a rule te determine the mean# median and 


®r hypothesesfrem this Infermatisn. Bxcept for the second 
behaviour in two lessons no other behaviour related to this 
particular process were observed# 

VI» Experimenting » Four behaviours identified fer the 
process e£ e>!perlmentlng or hypetheses testing were« (1) 
constructs and demonstrates a test of the hypothesisi (2) 


1 1 S\ 


1 f J J 


hypothesis? end (3) constructs a revised hypothesis if the 
data do net support the original hypothesis# Xt was 





in lesson pl^jns and teaching * Mere ceimienly used 
processes were inferring# classifying* 

the processes of hyp®thesis*«f®rwulatlng and 
esgperiinenting were als® net s® cerftmonly used as these 
should have heen# Keepin in view the objectives ®f 
teaching science at various stages ©f scheel education* 
Oteeerva tlen, of lessens fexT whether the pupil teachers 
let the children develop their skills ®r net ale® 
reflect up’i-;m the need ®f such an instructional material 
v/here students and pre-service and inservice teachers 
are esspesed t® different activities# esqperiences and 
exercises s® that they might attain objectives ef science 
teaching at least partially* 

5*3* IJSTERCOKREhAffilONS BE WEEN SCORES ON SCIENCE PROCESSES 

Tannenbaum (1971) found product mement correlations 
between eight sub-precesse« natoely# ©bseHwing# ceitparing# 
classifying# quantifying# measuring# experimenting# 
inferring# predicting and total scores «n these precesses* 
Cerrelatien ceefficients feund were 0*66# 0,50# 0*75# 0*70 
0*08# 0*60 and 0.74 respectively* The Investigater also 
computed the coefficients between the 0ub-p;rece0se8 
selected fer the present dicasr stud^# l.e, classifying# 
inferring# predicting# intexpretting# hypethesls-raaklng 
anf hypothesis testing and the tetlsi^scere® #n rest ef 
the preoesset. The cerrelatlen ceefflcient® feund were 
0*30# 0*50# 0*®0# 0*i5» 0*49 and 0*52* All these ceeffl- 
-dents were lower than these found by Tannenbaum# yet all 
these were at acceptable level #£ signlficwtce* These 
carrelatiens betwem sub-sceres end the rest #f the pro¬ 
cesses eamfirm the vallt#ity e£ the test censtsucted* 






tPatele 5,X» Int:er"C®rrelati©ns Between Sceres 
®n the siK Science Pmcessee^ 


1 

1 

Process (sub-sceres) 

2 3 4 5 

6 

1* Classifying 1*00 

0*74 

0*32 

0,20 

0*15 

0,05* 

2* Inferring 

X 9-00 

0,30 

0*40 

0120 

0*50 

3, Predicting 


1*00 

0*1S 

0*29 

0.10 

4* Interpreting 



1.00 

0*30 

0,20 

5* Hypothesis making 




1,00 

0.30 

6* Hypethesia testing 





1.00 


* Insignificant 


Tatole 5*1 indicates that the cernelatlen coefficient 
range between *0S andl 0*74* the highest inaeac ®f ceeffici- 
ent being between the precessrs ©f inferring and classi¬ 
fying and lowest between classifying sad hypethesis test* 
ing* It may be seen that 14 ®ut ®f 15 cerrelatien ceeffi- 
-cients are significant at *01 level (Bnedecer and Cechran# 
1968) Which points ©ut tewards the conclusion that there 
is a certain degree ®f ceranenallty between these ntental 
precesaea* 

5*4* POST TBSl? GAINS a EFFICACY OF IHSTRBCTIONAL MATERIALS 

After the studenta had gene through the inatructlenal 
materials* pest-test sessions were organised vdaen the TIPS 
was administered again en the sampled pupil pepulatien with 
a view to studying the gains made* if any, in the mean 

scores on TIPS* This was fellewed by ceirputatien e£ Mean* 

■n 

SB* C#«!ieltt.tl#n Ceefflcienta and t-value« fer thr varueus 
sub-samples* 

Table 5ft2« gives the overall pre and pest test inean 
seems ebtained by the sampled pupil pepuXatien en the 
TIPS* These scores are based on the perferm^ce •£ 
students en all the six precesses* The TIPS* as mentiened 
earlier* has items empenents SBlating te the processes* 

















*0igpilficant afc »0l level fmt ^f»*152 


t-valne has been feiand t® be 4*65 f®r df 152 whl<3h 
is significant at *01 level* The significant increase 
in Bceres indicate that papils* perfermanc® «n integrated 
precesses can toe ehhtenced toy providing them self "•learning 
materials in thefem of exercises* 

Table 5*3* Pre and Peat Test Means @n HaCh Process 




Pre-Test (n*«77) 


p.recess _■ 

M 


. K .. 


.t_ 

1« 

Classifying 

5,08 

1*60 

6,01 

1,32 

7,15** 

2 . 

Infex'ring 

3*66 

1,62 

4*52 

l,7lr 

6.84** 

3 # 

Predicting 

2*96 


3 *00 

1.72 

7,66** 

4 « 

Interpreting 

1 *33 

0*63 

2*77 

1,23 

II.B3** 

5 « 

Hypothesis* 

making 

1*92 

0*72 

1*98 

0,72 

0*50 

5 * 

Hypothesis* 
.testing... 

3*03 

1*34 

3-73 

1.26 

3*44 


** p *01 

g df**152# 

* P 

•05* 

df e* 1S2 



Table 5»3 

indicates 

that with 

the use 

®£ precess- 


based Instructional material^ students mode significant 
ctolns en all the nrecesses except hvpethesish^maJcinCi* Xt 


















Validity anfl Efficacy ®f the Pr@cess»l>ased Materlf](. 

On th© basis ®f p#st*#est differences after using 
th® process«*bseed instructienal material it has been 
feund eut that t-test differences axe significant in 
five eut ®£ the six precesses* The t-valuee f®r hyp®- 
-thesis-making has net been feund t® be significant* 

It may foe either due t® insufffcient exercises in the 
instructienal material relating t® this pr®cess ®r 
lesser nunS^er e£ test items related t® precessa It 
be cencluded that the Instructional material ts* ®n they 
'whele* yalid end effectiw f®r develeping the yarieue 
precess skills jmengscience students# 

S#5# IMPLICATION AND SUGGESTIONS I?DR FUTURE RESEARCH 
Sang)le lessen plans and lessens ®f pre-servlc© 
teachers were ©bserved in ©rder t® assess hew far pre- 
service teachers use different preceas skills 'Brtiilo 
in^artlng instiruotlen in Science# It was observed that 
the prospective teachers d® make use ®£ the tw® processes 
namelS; classification and inferring* But the use of 
processes like predicting^ interpreting* hypothesis- 
mal3cing end Resting was negligible* We knew that In the 
elementary as well as secondary school curricula there 
is scop® for the developmnt of scdenee processrs skills* 
AS Jeus (1975)1 points Out* "If a major goal ®f science 
education is to develop science process s3d.lls con^etence 
in children* logical first stop towards the goal is to 
produce teachers who are cmipeteat in these skills*" 
(p*44S> If coo^etence in science process skill includes 
the knowledge of science processes* th® ability to 
sequenc® science process®® asu used in scientific 
preblfws-solving# then the "process model" strategy of 





lnstract«r-giitde«5# han€a m instructi@ii appear® t# 
b@ an effective way ta help pra-aervice teacher® in 
acQolring the desired skill®< Campbell (1979) ctnparad 
the effectiveness ®£ precess skills instnactien an 
reading cesrprehensian ®f pre^sexvice and in*seirvlc® 
elomontary teachers, The results ®f hi® stud;^ are 
iiipertant because they suppart the prepesitioa that science 
precess skill® are atrengly linked t® the reading precess* 
This iiaplies that in the pre.irarame @f pre-»s®rvica and 
In-servic® education, tbs teav^yer educetexs sheuld plan 
a variety ®f Igtaming situation with a heasy emphasis «n 
science precess skills* It appear® that skill© which have 
been shewn te influence the perfi@xmance ©£ teachers sheuld 
certainly help them 6s> a better jeb ®£ previding wetth- 
^ilo instruction t® elementary and secondary children 
a© well* 

It may b® eencltided that student© using similar 
instructional material based an the preeeasea taken in 
this project m well as instructional material based #n 
the rest of the precesses be taken up with pre^servie® 
teacher®, 
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